dicate that there is a greater fall in hepatic blood flow after SS shunt (8) than after ES shunt. The best explanation for this finding seems to be retrograde flow of hepatic arterial blood through the shunt. Although this type of circulatory effect from an SS shunt might at first be interpreted as a greater handicap to the liver than the complete diversion of portal blood provided by ES shunt, Farren and, Muller (5) and Mulder and Murray (9) have suggested that retrograde portal flow actually may be helpful by increasing the total perfusion of the liver. For this to be true requires that hepatic arterial blood reach parenchymal cells before flowing backward in the portal venules. A limited amount of data obtained on patients does suggest a functional role for this blood. Warren and Muller found oxygen saturation levels of 70 to 86% in the hepatic limb of the portal vein after SS shunt in 6 patients. Mulder and Murray found greater extraction of both Bromsulphalein (BSP) and oxygen from retrograde flowing portal blood than from hepatic venous blood in 2 of 3 SS patients.
If, on the other hand, hepatic artery-portal vein connections exist at the presinusoidal levels, then the easier egress of blood from the liver afforded by SS shunt might impair functional hepatic blood flow. Murray and Mulder found that normal dogs did not do so well after SS shunt as after ES shunt and that the blood flowing retrograde in the portal vein invariably showed less clearance of oxygen and BSP than of hepatic venous blood (2) . Studies at the time of portacaval shunt by our surgical colleagues, Mikkelsen, Turrill, and Pattison, also indicated less extraction of oxygen and BSP from backflowing portal blood than from hepatic venous blood (10) . Our catheterization data suggest a greater decrease in hepatic oxygen uptake after SS shunt than after ES shunt (8) . After the oxygen and BSP samples had been obtained, the catheter was again passed into the wedged portal position to repeat the measurement of wedged portal pressure and to confirm the wedged position by the injection through the catheter of 3 to 4 ml of 50%o Hy It fell in all instances after opening the shunt, averaging then 22 cm saline. In 16 patients the pressure was determined on both the intestinal and hepatic sides of a clamp placed across the portal vein. Cross-clamping of the portal vein invariably caused a fall in pressure on the hepatic side of the clamp and a rise on the intestinal side. The average pressure change on the hepatic side was -7 cm saline and, on the intestinal side, + 10 cm saline.
In 10 patients, the rate of potential portal venous backflow through the large polyethylene tube ranged from 40 to 1,100 ml per minute and averaged 259 ml per minute (Table I) .
The contrast medium injections demonstrated retrograde flow in the hepatic limb of the portal vein in 13 of the 18 patients (Table II) . In 4 of these there was also some flow of contrast medium forward into the liver; it was difficult to decide the direction of predominant flow in 3 patients, whereas the flow was mostly forward in patient J.D. Changes in direction of flow with respiration were not obvious. In 5 patients all of the contrast medium flowed forward into the liver. (Figure 3 ).
In the 13 patients with retrograde portal blood flow, the arterial-portal venous oxygen difference ranged from 0 to 37%o saturation and averaged 20.1%o (Table II) . BSP extraction from hepatic arterial blood ranged from 0 to 47%o, averaging 15.8%o (Table II) .
In 3 patients with forward flow of portal blood into the liver, there was an arterial-portal venous oxygen difference averaging 13.3%o saturation, presumably due to splanchnic oxygen uptake.
There was no arterial-portal venous BSP difference in the 2 patients in whom this was measured.
In those patients with retrograde flow, the portal venous wedged pressure exceeded the free portal venous pressure in 6, was the same in 1, and was less than the free portal venous pressure in 4 (Table II) age free portal venous pressure was 4.0 mm Hg (Table II) . In all the 5 patients with forward portal flow, the free portal venous pressure exceeded the wedged portal pressure. The average free portal pressure was 9.8 mm Hg, and the average wedged portal pressure was 0.8 mm Hg.
Discussion
The published data suggest that blood will always flow in a retrograde manner in the portal vein after SS shunt; however, in 5 of our 18 patients there was definite forward flow into the liver at the time of our catheterization study. Apparently, in some patients, hepatic arterial blood encounters less resistance in flowing through the hepatic veins than in traversing the portal venules and the shunt orifice. Persistence of forward flow was no doubt favored by an attempt by our surgical colleagues to keep the shunt orifice of moderate size (about 1.5 cm in diameter). Appreciable pressure gradients between portal vein and IVC (8 to 17 mm Hg) were still present at the time of the postoperative catheterization in 3 of our patients with forward flow. However, it is difficult to understand the definite forward flow in patient C.F. with portal venous pressure only 2 mm Hg greater than IVC pressure. Also unclear is why free portal venous pressures were not lower than wedged portal venous pressures in 5 of our patients with definite retrograde flow. There may be unrecognized artifacts involved in recording wedged portal pressure; at any rate one clearly cannot make a valid decision regarding the direction of portal venous blood flow from these pressure measurements alone.
In 4 of our patients the flow of contrast medium away from the tip of the catheter in the portal vein was neither rapid nor decisively in one direction. Possibly there may be only a small flow of blood in the portal vein in some patients, and the direction of flow may vary from time to time depending on the circumstances.
Pressure measurements at surgery just before creation of the portacaval shunt did not provide evidence of preoperative retrograde portal venous flow in any of the patients in this report, whereas Warren and Muller found a sinusoidal pressure higher than the free portal pressure in 3 cases out of 7, suggesting preoperative reversal of flow (5) . Probably their patients were not a representative sample, since in preoperative pressure measurements by our surgical colleagues, evidence for reversed flow was found in only 7 of 61 patients (10) . We have consistently (18 of 19 patients) found falls in hepatic blood flow after portacaval shunt, suggesting that portal blood does flow into the liver in most patients with cirrhosis (8, 12) . From our data the functional contribution of the blood leaving the liver in the portal vein appears quite variable. In 3 patients (R.E., M.M., and C.W.) there was little or no extraction of either oxygen or BSP. On the other hand, in 3 patients (B.D., J.D., and J.W.) there was an appreciable fall in concentration of both substances from the arterial level. The average differences between arterial and portal venous levels of BSP and oxygen were 0.33 mg per 100 ml and 20.1% saturation, respectively. For comparison, the differences between arterial and hepatic venous levels of these same substances in a comparable series of SS shunt patients were 0.67 mg per 100 ml and 42% saturation (8) . In the single direct comparison that we made (patient M.M.), hepatic venous BSP and 02 levels were 1.20 mg per 100 ml and 64% saturation, and portal venous concentrations were 1.38 and 80%o saturation. In only 1 of our patients (B.D.) was there anything approaching the remarkable BSP and 02 extractions from portal blood seen in a case studied by Mulder and Murray (9) . Such examples must be exceptional as, probably, are cases like our R.B.
with no extraction of either 02 or BSP.
Clearly the blood that flows from hepatic artery to portal vein after SS shunt has not, in most instances, traveled through functionless anastomoses. There has been exposure to hepatic cells, but either to a lesser degree than blood flowing in the normal manner to the hepatic vein, or the results of the exposure are less apparent because of a large volume of flow. Our assessment of portal venous backflow at surgery does not suggest the latter. The method used was admittedly crude but should provide a good estimate of the maximal possible backflow. Resistance in the large bore tube was low, and its diameter was about the same size as most of the shunt orifices.
There seemed to be no relation between the volume of potential backflow at surgery and the direction of flow postoperatively. The patient with the largest backflow measurement (R.R., 1,110 ml per minute) actually had definite forward flow at the time of the postoperative catheterization. It is interesting to compare the average value for potential backflow obtained in the patients in this study with the previously reported falls in hepatic blood flow (HBF) seen after ES and SS shunt (8, 12) . Mean preoperative HBF in 19 patients undergoing portacaval shunt was 1,439 ml per minute with no significant difference between the ES patients (1,493 ml per minute) and the SS patients (1,380 ml per minute). Postoperative HBF averaged 801 ml per minute for the ES group and 497 ml per minute for the SS group. The latter figure is clearly an overestimate of hepatic venous flow because of the removal of some BSP from the blood flowing out the portal vein. The increased HBF drop after SS shunt of somewhat more than 304 ml per minute is of the same general order of magnitude as our estimate of portal venous backflow. This suggests that when retrograde portal flow does occur after SS shunt, it is at the expense of hepatic venous flow.
In hepatic venous catheterization studies before and after SS shunt, we found a fall in splanchnic oxygen consumption from a mean of 52 ml per minute to a mean of 32 ml per minute (8) . Al If our interpretation of our observations is correct, there should be little difference between the hemodynamic effects of SS and ES shunt in most patients. Both will cause a loss of portal venous inflow that will lead to a reduction in hepatic venous outflow. In addition, after SS shunt, there will likely be some backflow of hepatic arterial blood through the proximal portion of the portal vein into the vena cava. This will not be large in amount but will result in a further reduction in hepatic venous flow. The backflowing blood will contribute to liver function and nutrition, although usually to a lesser extent than an equivalent amount of blood flowing into the hepatic vein. This contribution will tend to miinimize the difference in hemodynamic effect that would otherwise be evident between the two types of shunts.
In a few patients portal blood will continue to flow toward the liver after SS shunt. This should result in less physiologic disturbance from the operation, although if it is accomplished by reducing the size of the shunt orific too much, there may be residual portal hypertension and persistence of varices.
Summary
In 18 patients with cirrhosis, pressures were measured in the portal vein at the time of side-toside portacaval shunt, and the potential backflow of hepatic arterial blood through the portal vein was estimated by allowing blood to flow freely out of the proximal end of the portal vein into a container. Postoperatively the hepatic limb of the portal vein was catheterized through the side-toside shunt for determination of the direction of portal blood flow and the amount of BSP and oxygen extraction.
There was backflow of hepatic arterial blood into the portal vein postoperatively in 13 of the 18 patients. Where forward flow persisted postoperatively, it was usually associated with some degree of continued elevation of pressure in the portal vein. The maximal potential portal venous backflow estimated at surgery averaged 259 ml per minute. At the time of catheterization, the backflowing venous blood contained 0 to 47% (mean, 15.8) less BSP and 0 to 37% (mean, 20.1) saturation less 02 than arterial blood, indicating variable contract of the backflowing blood with hepatic cells.
Retrograde flow of hepatic arterial blood into the portal vein after side-to-side portacaval shunt should result in a greater reduction in hepatic venous flow than after end-to-side shunt, as we have previously reported. However, the relatively small volume of this backflow and the fact that it contributes somewhat to liver function make the physiologic disturbance from side-to-side shunt little different from that following end-to-side shunt.
